The Bou Ghrara lagoon, a stretch of water in southeastern Tunisia, has shown an alarming reduction of its fishery resources since 1993. In order to study the response of free-living nematodes to the water and sediment quality of this area, thirteen stations have been sampled. According to this study, the heavy metal, organic carbon and hydrocarbon content of sediments are key factors negatively influencing the density, biomass and diversity of the nematofauna.
Introduction
The Bou Ghrara lagoon with an area of 500 kmÇ is the biggest of all Tunisian lagoons. This important ecosystem has experienced an alarming reduction of its fishery resources since 1993. Before presenting the results of this work, it seems necessary to stress the importance of the meiofauna, one of the first links in the food web (SOGARD, 1984; CASTEL, 1992; AMARA & BODIN, 1995) .
The meiobenthos and notably the freeliving nematodes, the most abundant taxa (e.g. TEAL & WIESER, 1966; ALKEMADE et al., 1993; BEYREM & AISSA, 2000) , have been used in the impact studies of many aquatic ecosystems and several authors have demonstrated that these animals are ideal for pollution monitoring because of their potential for rapid response to environmental changes (e.g. WARWICK, 1993; BEYREM & AISSA, 2000 , BURTON et al., 2001 , MAHMOUDI et al., 2002 .
It is no longer necessary to demonstrate the relevance of meiofauna as indicators of environmental stress . Indeed, ANSARI et al. (1984) noted a significant spatial and temporal variation in mean meiofauna density in Goa (India), in response to organic discharge via sewage and prevailing environmental conditions. SCHRATZBERGER & WARWICK (1998) revealed in a microcosm experiment that total abundance, diversity and species richness of the nematofauna decreased significantly with increasing levels of organic enrichment. BEYREM & AISSA (2000) showed, in the Bay of Bizerta (Tunisia) , that free-living nematode biomass and diversity were altered by hydrocarbon pollution. At Ghar El Melh lagoon (Tunisia), MAHMOUDI et al. (2002) reported that the salinity and dissolved oxygen of waters and the ammonia content of sediments affected density, biomass and the diversity of the nematofauna.
The aims of this study were to investigate the response of free-living nematodes to the quality of waters and sediments at Bou Ghrara lagoon and to validate the use of meiofauna in impact studies of lagoons.
Materials and Methods

Sampling and nematofauna analyses
Sediments were collected from 13 sampling stations in Bou Ghrara lagoon in February 2000 (Fig. 1) . The stations' depth ranged from 0.9-10 m. For meiofauna analysis, three replicate 10 cmÇ hand-cores were taken at each station and fixed immediately in 4% buffered formaldehyde. Sampling depth was limited to the first 18 cm of the substrate. Meiofaunal taxa, defined here as metazoans that pass through a 1 mm mesh sieve and are retained on a 0.040mm sieve (VITIELLO & DINET, 1979) , were sieved following the resuspensiondecantation methodology (WIESER, 1960) and stained with Rose-Bengal (0.2 g/l). Nematodes were counted under a microscope and 100 randomly picked individuals (KOTTA & BOUCHER, 2001 ) were identified to genus or species using the pictorial keys of PLATT & WARWICK (1983 , WARWICK et al. (1997) and AISSA & HERMI (1997) . These individuals were also used for evaluating individual and total biomass. Their lengths and widths were measured (VITIELLO & AISSA, 134 Medit. Mar. Sci., 3/2, 2002, 133-146 (ANDRASSY, 1956) , where V is the volume in nanolitres, L the length and W the maximum width (L and W expressed in micrometres). The wet weight of each nematode was obtained from multiplying volume by specific gravity (assumed to be 1.13) (FELLER & WARWICK, 1988) . Dry weight was assumed to be 25% of the wet weight (JUARIO, 1975) .
Hydrological parameters
Water temperature, dissolved oxygen and salinity were measured in situ by using a field thermometer-oxymeter (CG867) and a field salinometer (WTW LF 196) .
Sediment parameters
For sediment parameter analysis, one replicate 10 cmÇ hand-core was used. Grain size distribution for each station was measured by the wet sieve method of COULL (1970) and mean grain size (MZ) and sorting coefficient (ò¢I) (TRASK, 1932) were calculated. Hydrocarbon content in sediment was quantified spectrophotometrically (KANTIN, 1977) following the protocol described by BEYREM & AISSA (1998) . Total organic carbon (TOC) was determined coulometrically using a Coulomat 702. Heavy metal analysis was performed by atomic absorption spectrometer.
Data processing
Nematode abundance, mean individual weight, mean total biomass, diversity (ShannonWeaver index H') (SHANNON & WEAVER, 1963) and evenness (Pielou's J) (PIELOU, 1969) were calculated for each station.
Species abundance data were presented in k-dominance plots, in which species are ranked in decreasing order of dominance. The percentage cumulative abundance (kdominance) is then plotted against the species rank k (LAMBSHEAD et al., 1983 , PLATT et al., 1984 SCHRATZBERGER & WARWICK, 1998) .
Data were tested for homogeneity of variance and for normal distribution. The following statistical treatment of the results consisted of pairwise comparisons (Student ttest) which allowed evaluating the influence of sampling stations on nematode distribution. Pearson correlations (r) (SCHWARTZ, 1983) were used to test for relationships between environmental variables and nematode density, biomass and diversity. Faunal affinity between stations was measured by regrouping the stations on the basis of Euclidean distance (LEGENDRE & LEGENDRE, 1998) . The raw data were transformed to log 10 (x +1) in order to stabilise the variance and all tests were performed using the SYSTAT 8.0 software package (WILKINSON et al., 1992) and STATBOX TM 2.5 for Windows (GRIMMER Logiciels).
Results
Hydrological parameters
Water temperature and salinity did not show any appreciable change at the thirteen sampling sites. However, water dissolved oxygen content ranged from 7.68 mg l -1 at station (BG9) to 11.60 mg l -1 at site (BG6) (Fig. 2) . Table 1 gives data on the physical and chemical environmental factors of the sediment. Granulometric analysis showed that the sediment was mainly composed of larger to fine sands which were well sorted at all stations. Sediment hydrocarbon concentration fluctuated between 0.05 -4.80 mg g -1 dry weight (dw) and the lowest values were recorded at stations near the marine inputs (BG6, BG 9 and BG13). Sediment total organic carbon content (TOC) ranged from 0.07 to 7.56 % (dw) and the lowest values are also observed at sites BG6, BG9 and BG13. Heavy metal (Zn, Cr, Pb) concentrations in sediment were lower than international norms for polluted marine sediments (RAPPORT DGPA, 2000) .
Sediment parameters
Nematofauna
Nematofaunal abundance ranged from 154 ± 7.81 individuals 10 cm-Ç at station BG2 to 5641 ± 28.05 individuals 10 cm-Ç (mean ± SE) at site BG13 (Fig. 3) . Highest densities were recorded at stations near the marine inputs (BG6, BG9 et BG13) and the lowest densities were found at the most isolated sites BG1 and BG2. Student t-test between stations supported the existence of a nematode density gradient from BG1 and BG2 to BG6, BG9 et BG13 and indicated that Bou Ghrara lagoon is an heterogeneous area (Table 2) . Nematode mean individual weight fluctuated between 0.19 Ìg (dw) at station BG1 to 0.81 Ìg (dw) at station BG13 (Fig. 4) . Following the same trend as observed for abundance, the highest and lowest mean individual weight values were found at stations near the marine inputs (BG6, BG9 et BG13) and at the most isolated sites (BG1 and BG2), respectively.
Nematofaunal mean total biomass ranged from 33.82 Ìg 10 cm-Ç (dw) at station BG1 to 4569.21 Ìg 10 cm-Ç (dw) at site BG13. The nematode biomass showed three peaks corresponding to marine influenced stations (Fig. 4) .
A total of 47 free-living nematode species were identified. A list of these species arranged in decreasing mean general dominance (MGD) is presented in Table 3 . Of the 47 species identified Terschellingia longicaudata was the most abundant form. This species was followed by Paracomesoma dubium, Medit. Mar. Sci., 3/2, 2002, 133- *** *** *** *** *** *** *** *** *** 17,25 27,68 292,06 BG11 *** *** *** *** *** *** *** *** *** *** 20,66 278,34 BG12 *** *** *** *** *** *** *** *** *** *** *** 166,80 BG13 *** *** *** *** *** *** *** *** *** *** *** *** NS: no significant difference at p < 0.05, **: significant difference at p < 0.01, ***: very significant difference at p < 0.001. - Warwick, 1970) Daptonema fallax, Daptonema normandicum, Metalinhomoeus numidicus, Prochromadorella neapolitana, Desmolaimus demani, Sabatieria granifer, Sabatieria longicaudata, Terschellingia communis and Metoncholaimus pristiurus. These 11 species comprise more than 75% of the total number of nematodes collected.
Table 3 List of free-living nematode species from Bou Ghrara lagoon (February 2000). The list includes only species whose dominance (D%) is higher than 1 % at least in one of the samples. The dominance of the two most abundant species from each station is indicated in bold.
As shown in Fig. 5 , diversity (H') and evenness (J) were greatest at stations near the marine inputs (BG6, BG9 et BG13). The most isolated sites (BG1 and BG2), dominated by Daptonema normandicum, had the lowest nematode diversity and evenness. This species was absent from stations BG6, BG9 and BG13 (Table 3) .
The overlapping of the k-dominance curves of the stations makes it difficult to compare their nematode community diversity. However, k-dominance curves of the sites near the marine inputs (BG6, BG9 et BG13) show a clear picture of decreasing dominance and increasing diversity (Fig. 6) .
The regrouping of the sampling sites on the basis of Euclidean distance according to Medit. Mar. Sci., 3/2, 2002, 133-143 141 the Shannon diversity index values (H' in bits) showed a nematode diversity gradient from BG2 to BG6, BG9 and BG13 (Fig.7) .
Discussion
Sediment hydrocarbon content recorded in Bou Ghrara lagoon, an ecosystem that has important fisheries, were comparable to those found in polluted marine sediment (Table 4) .
The TOC concentrations we measured in Bou Ghrara lagoon were comparable to those observed in polluted sediments of the south lagoon (0.75 -5.36 % dw) (HERMI, 2001) and higher than those measured in sediments from the Aegean Sea (0.22 -0.78 % dw) (HATZIANESTIS et al., 1998) .
The total nematode abundance, mean individual weight, mean total biomass and diversity that we recorded were comparable to those reported in polluted marine sediments (Table 5) .
There are several environmental variables that determine the distribution of interstitial fauna (SWEDMARK, 1964; McINTYRE, 1971) . In Bou Ghrara lagoon, the organic carbon, hydrocarbon and heavy metal content of sediments were the most important factors influencing the abundance, biomass and diversity of the nematofauna.
Although a fraction of the organic matter deposited in sediments was labile and hence of potentially high nutritional value for benthic consumers (NEIRA et al., 2001) , nematode abundance, mean individual weight, mean total biomass and diversity were negatively and highly correlated with sediment total organic carbon (TOC) amount (p<0.01). Even though the effects of the organic matter generally, and the TOC in particular. on nematofauna have not been totally clarified, recent studies have indicated that total abundance, diversity and species richness decrease significantly with increasing level of organic enrichment (SCHRATZBERGER & WARWICK, 1998) . After the organic loading has eliminated the deeper-living nematodes, the second stage in the faunal succession following the increasing level of the organic load is characterized by the numerical dominance of opportunistic species (PEARSON & ROSENBERG, 1978) . These nematode species, better adapted to pronounced unbalanced situations, proliferate and total nematode density can then increase even under polluted conditions.
It is worth mentioning here the much delated Nematode/Copepode ratio of RAFFAELI-MASON (1981) which was based on this high resistance potentioal of this meiofaunal group.
Similary, negative and highly significant correlations have been noted between abundance, mean individual weight, mean total biomass and Shannon diversity indices (H') of free-living nematode communities and hydrocarbon sediment content (p<0.01). By increasing the mortality of the more sensitive species (BEYREM & AISSA, 2000; CARMAN et al., 2000) , hydrocarbon contamination is responsible for the decrease in nematode densities, total biomass and diversity. This is supported by the fact that the stations richest in hydrocarbons (BG1, BG2, BG3, BG5, BG7 and BG10) are those where we have recorded the lowest values of nematode densities, weights and diversity indices (H'). Besides their direct effect on nematode assemblages, hydrocarbons seem to indirectly influence the nematofauna. So, the accumulation of these pollutants in water entails a reduction its chlorophyll content chlorophyll (BOUCHER et al., 1984) , a decrease photosynthetic activity (LACAZE, 1993) and consequently a depletion of dissolved oxygen, a determining factor for quantitative and qualitative data of the Medit. Mar. Sci., 3/2, 2002, 133- Table 5 Bibliographic data on free-living nematode abundance (Individuals 10 cm -2 (Ind. 10 cm -2 )), individual weights (Ìg dry weight (dw)), total biomasse (Ìg 10 cm -2 dw) and diversity (H' in bits) in some disturbed areas. * Value given by the Author (s) in wet weight.
nematofauna (JENSEN, 1987; HEIP, 1995; BEYREM & AISSA, 2000) . Although heavy metal concentrations in the sediment of Bou Ghrara lagoon are lower than the international norms (RAPPORT DGPA, 2000), significant negative correlations have been recorded between these metals (Cu, Pb and Zn) and all indices of nematode communities (p<0.05). The harmful effect of heavy metals on nematofauna has been demonstrated by many authors and significant negative correlations between the sediment content in these contaminants and nematode densities have been revealed (FICHET & MIRAMAND , 1996 ; ESSID , 1999) . According to BURTON et al. (2001) , heavy metal contamination significantly alters the composition of meiofauna assemblages. In Bou Ghrara lagoon, we speculate that the response of nematodes to low heavy metal concentrations is, probably attributed to the fact that these animals have particular abilities to accumulate the Cd, Cu, Pb and Zn present in their biotopes (FICHET et al., 1999) .
Among the 11 most dominant species identified, Terschellingia longicaudata and Terschellingia communis have been found dominant in organically enriched sediments (SCHRATZBERGER & WARWICK, 1998) and both were characterised by low oxygen consumption rates (WARWICK & PRICE, 1998) . Paracomesoma dubium was recorded abundant in the polluted sediments of the south lagoon (Tunisia) (HERMI, 2001) and Prochromadorella neapolitana was found dominant at the polluted sector of the orth lagoon (Tunisia) (VITIELLO & AISSA, 1985) .
The free-living nematodes of Bou Ghrara lagoon have showed a decrease in density biomass and diversity in response to pollution stress. These changes in nematofauna community structure highlight the importance of including meiofauna in impact studies of lagoons.
The response of the nematofauna described for the Bou Chrara lagoon corresponds to the first stage reaction to an incoming pollution stress and maybe refers only to the deep-living nematodes.
